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Background: This study examined the associations between duration of breast feeding, early 
infant growth and body mass index (BMI) at 30 and 35 years, in a birth cohort studied to age 
35.  
Methods: Data were gathered on duration of exclusive and non-exclusive breast feeding 
(months), early growth (kg; 0-9 months) and BMI at ages 30 and 35 from the Christchurch 
Health and Development Study. The Christchurch Health and Development Study is a study 
of a birth cohort of 1265 children, born in Christchurch in 1977.  
Results: Population-averaged generalised estimating regression models showed statistically 
significant associations between: duration of breast feeding and mean BMI; and early growth 
and mean BMI. After adjustment for perinatal, family and social background factors, 
statistically significant associations were found between: longer duration of breast feeding 
and lower adult BMI (B=-0.424 [95% CI -0.708, -0.140]); and increasing early growth and 
higher adult BMI (B=0.393 [95% CI 0.080, 0.707]). When breast feeding and infant growth 
were entered into the regression model and adjusted for covariates, breast feeding was no 
longer statistically significantly associated with BMI (B=-0.250 [95% CI -0.553, 0.054]); 
while early growth remained statistically significantly associated with BMI (B=0.355 [95% 
CI 0.039, 0.671]). A test for mediation showed that the association between breast feeding 
and BMI was mediated by early growth (P=0.01). 
Conclusions: The association between longer duration of breast feeding and later lower BMI 
scores in adulthood was mediated by lower early growth. Breast feeding may be included as 





In recent years there has been growing research interest in rates of overweight and obesity in 
many world regions.1-3 One aspect of this research has focused upon the relationship between 
circumstances in infancy and later obesity.4-6 Specifically, this research has focused upon: the 
role of breast feeding in the development of obesity and the effects of early rapid growth on 
later obesity.  
 A number of reviews of the evidence have suggested that breast feeding is associated 
with decreased risks of subsequent overweight/obesity in childhood, adolescence and 
adulthood.7-11 However, concerns have been expressed about variations in the measurement 
of breast feeding and overweight/obesity, and the control of confounding factors.12-14 Despite 
these concerns, there has been a growing consensus that breast feeding and particularly 
prolonged/exclusive breast feeding is associated with reduced risks of later 
overweight/obesity. The mechanisms by which breast feeding is associated with later 
adiposity are believed to involve a range of factors including: behavioural factors associated 
with breast feeding; nutritional features of breast milk, and the influence of breast feeding on 
early growth rates.11,14 
 A related area of research has examined the association between growth rates during 
infancy and subsequent overweight/obesity outcomes. This research has consistently found 
that rapid growth during the first 12 months of postnatal life is associated with longer-term 
problems of overweight/obesity.4,6,15-17 These associations have been found to persist 
following control for a wide range of confounding factors including: sex, age, birthweight, 
socioeconomic status and parental size.15,16 In reviewing this evidence, Singhal and Lanigan11 
concluded that “…infant growth appears to make a major contribution to later adiposity” p52. 
The mechanisms by which early growth is related to later adiposity are believed to involve an 
early programming of the metabolic system including: insulin resistance, higher low-density 
lipoprotein cholesterol concentration and higher blood pressure.11 
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 There has been growing evidence to suggest that the associations between breast 
feeding and adiposity may be explained by the mediating effects of early growth. In 
particular, Singhal and Lanigan11 proposed an integrative model of breast feeding and early 
growth. Specifically, they propose a causal chain model in which: a) breast feeding is 
associated with lower growth during infancy and b) these lower growth rates lead to reduced 
risks of later obesity.11 This growth acceleration hypothesis has been examined in a number 
of studies which have examined the linkages between duration of breast feeding, early growth 
and later body composition. The majority of these studies have examined outcomes in 
childhood.18,19 Only two studies have examined longer term associations.20,21 Pirila, Saarinen-
Pihkala, and Viljakainen, et al.,21 examined the associations between breast feeding, early 
growth and adiposity in a selected sample of 158 full-term infants studied to age 32. This 
study concluded that the associations between duration of breast feeding and adiposity were 
mediated via early weight gain. Rooney and Mathiason20 examined the associations between 
duration of breast feeding, infant weight gain and obesity at ages 4-5, 9-14, and 19-20  years. 
This study found that when due allowance was made for other factors there were no 
associations between either duration of breast feeding or early weight gain and later obesity at 
ages 19-20. 
 We report the results of a 35-year longitudinal study of the relationships between 
duration of breast feeding, rates of early growth (0-9 months), and body mass index (BMI) 






Participants were members of the Christchurch Health and Development Study (CHDS) birth 
cohort. The CHDS is a longitudinal study of 1,265 children born in the Christchurch (New 
Zealand) urban region over a 4-month period during 1977. This cohort has been studied at 
regular intervals from birth until age 35 years.22,23 All phases of the study have been subject 
to ethical approval by the Canterbury Regional Health and Disabilities Ethics Committee. All 
data were collected with the signed consent of the study participants. Table S1 shows the 
social and demographic characteristics of the samples observed at ages 30 and 35 years; and 
also reports means and standard deviations for the breast feeding, early growth and later BMI 
measures.  
 
Body mass index (BMI) 
At ages 30 and 35, measures of the participants’ weight and height were obtained. In 71% of 
cases these estimates were obtained from standardised measurements taken in the 
respondents’ home. Where direct assessment of height and weight was not possible, these 
estimates were based on self-report (29% of cases). Height and weight estimates were 
available for 99.0% (n=977/987) of those studied at age 30 and 95.9% (n=923/962) of those 
studied at age 35. Using this information, body mass index (BMI) scores were calculated for 
the cohort members at 30 and 35 years. BMI was calculated as weight (kg)/height2 (m). To 
ascertain the validity of self-reported measures of height and weight at age 30, the association 
between BMI based on self-reported height and weight (n=841) and BMI based on direct 
measurement (n=692) was estimated for the respondents for whom both measures were 
available at age 30. The correlation between self-reported BMI and observed BMI was 
r=0.96.  
Duration of breast feeding 
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When the cohort members were aged 4 months and 1 year, mothers were questioned in detail 
about their breast feeding practices, use of milk formula and other aspects of infant diet. The 
child’s history of breast feeding was constructed using up to three sources of information. 
The primary source of information was maternal report of breast feeding at birth, at 4 months, 
and 1 year. To ascertain whether the child was breast fed in hospital, maternal reports were 
supplemented by hospital records. Reports at 4 months and 12 months were also cross-
checked by the interviewer using the community nurse’s record kept by the mother. On the 
basis of this information, a measure of duration of breast feeding in months during the child’s 
first year was constructed. This measure included both those being exclusively breast-fed and 
those also having other forms of nutrition.  
Early growth 
When cohort members were aged 1 year, information was gathered on weight at 9 months 
using data provided in the child’s developmental records completed by their community 
health nurse. Data were available on weight at 9 months for 72.5% of the cohort studied at 1 
year. A measure of early growth was calculated as the difference between the child’s 
birthweight and their weight measured at approximately 9 months of age.  
 
Covariate factors 
At the initial (birth) interview, mothers were questioned about their pre-pregnancy height and 
weight and that of their child’s biological father (if known). From this information measures 
of maternal and paternal BMI were constructed (see above). Estimates of BMI were available 
for over 99% of biological mothers and fathers. The child’s birthweight (g), birth length (cm) 
and gestation (weeks) was retrieved from hospital records.  
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 Maternally-reported data on family and social background was also gathered. Family 
socioeconomic status was assessed using the Elley and Irving24 scale of socioeconomic status 
for New Zealand. This index ranks families into six levels ranging from 1=professional to 
6=unskilled. 
 Mother’s achievement of formal educational qualifications was assessed using a 3-
point scale that reflected the mother’s highest level of educational attainment. This scale was: 
mother lacked educational qualifications; mother had secondary (high school) qualifications; 
and mother had tertiary (college) qualifications.  
 Mothers were also asked to report: whether their child was born into a single- or two-
parent family; and the child’s ethnicity (categorised as: New Zealand Maori/Pacific (14.2%; 
n=179); New Zealand European/Other (85.8%; n=1086)).  
 
Statistical methods 
The first stage of the analysis examined the relationship between mean BMI scores at 30 and 
35 years and: a) duration of breast feeding (categorised into quartiles: none; <4; 4-7; and 8+ 
months); and b) early infant growth (categorised into quartiles: 1.98-4.89, 4.90-5.55, 5.56-
6.21 and 6.22-9.64 kg). In both cases a generalised estimating equation (GEE) modelling 
approach25 was used to examine the associations between breast feeding, early growth and 
mean BMI. The fitted models took the general form: 
Yit = B0 + B1Xit + B2AGEit + Uit 
where Yit was BMI for the ith participant at time t (t=30, 35 years), Xit was the measure of 
breast feeding or early growth for each individual i at time t, AGEit was the age of individual 
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i at time period t, and Uit was the model disturbance. The repeated observations for each 
individual were permitted to be correlated over time.  
From this model, estimates of the population-averaged associations between BMI and the 
predictors (breast feeding, early growth) were obtained. Models were fitted using both 
categorical predictors and linear predictors to represent breast feeding and early infant 
growth. Tests of linearity were obtained by comparing the fit of the categorical and linear 
models using Wald Chi-square tests.  
In the second stage of the analysis the associations between: a) breast feeding and BMI and b) 
early growth and BMI were adjusted for the confounding factors listed in Methods. In each 
case the model fitted was: 
Yit = B0 + B1Xit + B2AGEit + ΣBjZij + Uit 
where Zj were the covariate factors. With two exceptions, the associations between the 
covariates Zj and the outcome Y were found to be linear. The two exceptions to linearity 
were family socioeconomic status and maternal education at the cohort members’ birth. 
These covariates were included in the model as categorical variables.  
The preceding analyses were extended to fit a GEE model of the associations between BMI 
and breast feeding, early growth and the covariate factors. This analysis was extended to 
include a Sobel test26 of mediation of the extent to which early growth mediated the covariate 
adjusted associations between duration of breast feeding and later BMI.  
 
Sample size and sample bias 
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A flow diagram27 showing the participation and sample retention of the CHDS cohort is 
shown in Figure 1. The analyses reported in this paper are based on data from respondents 
studied at age 30 (n=977) and age 35 (n=923) who also had BMI estimates. These samples 
represented between 79.4% and 75.4% of the cohort members surviving to age 30 (n=1231) 
and 35 years (n=1223). However, data were also missing on the measurement of early 
growth. In analyses using early growth, sample sizes were reduced to n=715 (age 30) and 
n=675 (age 35). These samples represented 58.0% and 55.2% of the cohort surviving to age 
30 and 35 respectively.  
 The level of sample attrition raises issues about regarding study validity. To examine 
this, all analyses were repeated using a two stage process:28 1) A sample selection model was 
constructed by using data gathered at birth to predict inclusion in the analysis sample. This 
analysis showed that there were statistically significant (P<0.05) tendencies for the analysis 
sample to under-represent children from more socially disadvantaged backgrounds (low 
parental education, single parent family, child of Māori/Pacific ethnicity, low socioeconomic 
status and maternal smoking during pregnancy). On the basis of the fitted selection model, 
the sample was then post-stratified into a series of groups and the probability of inclusion in 
the analysis sample was estimated for each group. 2) The data were reanalysed with the 
observations for each individual weighted by the inverse of the probability of sample 
inclusion. In all cases, the weighted analyses produced similar conclusions to the results 
reported here.  
 
Results 




Table 1 shows the associations between mean BMI pooled over ages 30 and 35 and duration 
of breast feeding (Table 1a) and early growth (Table 1b). The source data on which this table 
is based are provided in Table S2. The results  show that with increasing duration of breast 
feeding, mean BMI declined (Table 1a). To test for linearity of association, the fit of a linear 
GEE model was compared with the fit of a model using categorical predictors. This 
comparison showed clear evidence of a linear trend, with no evidence of non-linearity. The 
correlation between duration of breast feeding and BMI was estimated to be r=-0.15 
(P<0.001) implying that variations in breast feeding predicted 2.25% of the variance in BMI. 
The results in Table 1b show that with increasing early infant growth, mean BMI increased. 
To test for linearity of association, the fit of a linear GEE model was compared with the fit of 
a model using categorical predictors. This comparison showed clear evidence of linear trend, 
with no evidence of non-linearity. The correlation between infant growth and BMI was 
estimated to be r=0.16 (P<0.001) implying that variations in infant growth explained 2.56% 
of the variance in BMI.  
The correlation between duration of breast feeding and infant growth was r=-0.20 (P<0.001). 
These analyses were extended to test for multiplicative gender x duration of breast feeding; 
and gender x infant growth interactions. No statistically significant interactions were found.  
 
Associations between duration of breast feeding, early growth and BMI (30-35 years), 
adjusted for confounding factors 
Table 2 shows: a) the associations between the classified duration of breast feeding measure 
and BMI at ages 30 and 35, adjusted for a series of covariate factors (model 1); and b) the 
associations between the classified early growth measure and BMI at ages 30 and 35, 
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adjusted for the same covariate factors (model 2). These analyses show that the effects of 
adjustment for covariate factors on the associations between breast feeding and BMI, and 
early growth and BMI were to reduce the size of these coefficients in comparison to the 
unadjusted coefficients in Table 1. Nonetheless these coefficients remained statistically 
significant.  
The combined effects of duration of breast feeding and early growth on BMI (30-35 years) 
Table 3 shows the associations of breast feeding and early growth on mean BMI at ages 30 
and 35, after adjustment for confounding covariates. This table shows that after adjustment 
for early growth and covariate factors, the association between duration of breast feeding and 
later BMI was not statistically significant. However, the association between early growth 
and later BMI remained statistically significant. This pattern of results suggests that the effect 
of duration of breast feeding on later BMI could have been mediated by the effect of early 
growth on BMI. To test this hypothesis, a Sobel test of mediation26 was applied to the pooled 
dataset. This test showed a statistically significant mediation of the association between 
duration of breast feeding and BMI via the association with early growth (Z=-2.5, P=0.01).  
 
Supplementary analyses 
Comparisons of categorical and continuous measures of breast feeding and early growth. 
This analysis is reported in Table S3 and shows that categorical and continuously scored 
measures produce similar conclusions.  
Analysis of overweight using a dichotomous measure. This analysis fitted regression models 
of the dichotomous outcome measure overweight/not overweight (30, 35 years) for breast 
feeding and early growth scored as categorical measures, after adjustment for covariate 
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factors. The dichotomous measure of BMI classified cohort members at age 30 and 35 as 
either overweight (BMI >24.99) or not overweight (BMI <=24.99). The results of this 
analysis produced similar, but not identical, conclusions to the findings in Table 3. In the 
final fitted model, duration of breast feeding was statistically significantly associated with 
overweight (B=-0.156, [-0.289, -0.023]) and early growth was also associated with later 
overweight (B=0.163, [0.024, 0.302]). The association between breast feeding and later BMI 
was mediated by early growth (Z=-2.53, P=0.01). 
 
Comment 
In this paper we have used data gathered over the course of a 35-year longitudinal study to 
examine the linkages between duration of breast feeding, early growth and mean BMI at ages 
30 and 35.  
 This study has replicated previous research suggesting linkages between the duration 
of breast feeding and BMI in later life.7-11 The findings from the present study suggest that 
duration of breast feeding played a small but detectable role in BMI outcomes collected over 
three decades after the assessment of breast feeding and after adjustment for a wide range of 
prospectively measured covariates (Table 2).  
 Parallel to the findings for breast feeding, the study also confirmed the linkages 
between rates of growth in infancy and later BMI.4,6,15-17 As was the case with breast feeding, 
this association persisted after control for a wide range of social and perinatal covariate 
factors. What the findings of this analysis suggest, is that rates of infant growth played a 
small, but detectable, role in the variation of BMI measures collected over three-decades after 
the assessment of early growth. 
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 Finally, analyses using both duration of breast feeding and early growth (Table 3) 
showed that while early growth remained a predictor of later BMI, the associations between 
breast feeding and BMI failed to reach statistical significance. These findings suggest that the 
associations between breast feeding and BMI could have been mediated via early growth. 
This conclusion was supported by a Sobel test of mediation26 which showed that early growth 
was a significant mediator of the association between breast feeding and later BMI.  
 These findings are generally consistent with a causal chain model in which: duration 
of breast feeding was related to early growth with breast-fed children having smaller weight 
gains than formula-fed infants; and early growth was related to later BMI.11 These findings 
were broadly replicated in an analysis of a dichotomous measure of BMI (overweight/not 
overweight). In common with the analysis for the overall BMI measure, the analysis of the 
dichotomous measure also showed that the effects of breast feeding on later overweight were 
mediated via early growth.  
 The present study had a number of advantages for examining this issue including: the 
prospective measurement of duration of breast feeding and early growth; the availability of a 
wide-range of social and perinatal covariate factors; the long-term follow-up of the cohort 
into mature adulthood; and the availability of repeated measures of BMI in mature adulthood. 
 While this study provides internally consistent evidence of the linkages between 
breast feeding, early growth and later obesity, it is not without limitations. In particular, the 
measurement of breast feeding was largely based on self-report; and the assessment of early 
growth on information recorded in available documents. It could be suggested that errors in 
the measurement of breast feeding or early growth may impugn the validity of the findings. 
However this seems unlikely, as errors in the assessment of breast feeding and early growth 
would be required to be correlated with the BMI assessments made 30 years later. Another 
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limitation of the study was that the findings apply to a particular birth cohort, studied over a 
particular historical period and social context. For these reasons, the extent to which the study 
findings apply to other contexts requires further investigation. 
 
Conclusions 
In summary, this study reveals that both duration of breast feeding and early growth rates are 
associated with small but detectable changes in BMI in mature adulthood. The association 
between breast feeding and later BMI is largely or wholly mediated by the linkages between 
breast feeding and early growth, as well as linkages between early growth and later BMI. The 
findings of this study suggest that policies encouraging breast feeding  should be included in 
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Table 1. Mean body mass index (BMI) pooled at ages 30 and 35, by duration of breast 
feeding and by infant growth (kg; 0-9 months). 
Table 1a Duration of breast feeding (months) 
 0 <4 4-7 8+ 
Pooled (ages 30, 35)     
Mean (SD) BMI 27.9 (5.9) 26.6 (6.0) 25.7 (4.3) 25.8 (4.9) 




Table 1b Infant growth 0-9 months (quartile) 
 1.98-4.89kg 4.90-5.55kg 5.56-6.21kg 6.22-9.64kg 
Pooled (ages 30, 35)     
Mean (SD) BMI 25.3 (5.1) 26.1 (4.8) 26.4 (4.9) 27.6 (5.3) 
Linear association B=0.745, [95% CI 0.435, 1.054] ***; Wald test for non-linearity χ2
2=1.29, 
P=0.52 




Table 2. Fitted regression models controlling the associations between duration of breast 
feeding; early growth and BMI (30, 35 years) for covariate factors.  
  BMI at 30/35 years (model 1)a   BMI at 30/35 years (model 2)a 
Measure B[95% CI]a  B[95% CI]a 
Duration of breast 
feeding  
-0.424 [-0.708, -0.140]**  - 
Early growth , kg; 0-9 
months  
-  0.393 [0.080, 0.707]* 
Gestational age, 
weeks 
0.097 [-0.119, 0.313]  0.033 [-0.196, 0.262] 
Birthweight, kg -0.739 [-1.499, 0.020]  -0.787 [-1.602, 0.028] 
Birthlength, cm 0.083 [-0.023, 0.189]  0.123 [0.013, 0.234]* 
Female gender -1.085 [-1.695, -0.474]***  -0.923 [-1.601, -0.240]** 
Maori/Pacific 
ethnicity 
0.573 [-0.353, 1.500]  -0.508 [-1.668, 0.652] 
Maternal BMI at 
child’s birth 
0.309 [0.212, 0.405]***  0.345 [0.240, 0.450]*** 
Paternal BMI at 
child’s birth 
0.440 [0.337, 0.543]***  0.395 [0.282, 0.508]*** 
Family 
socioeconomic status  
   
Levels 1,2 Reference  Reference 
Levels 3,4  0.370 [-0.434, 1.174]  0.353 [-0.488, 1.194]- 
Levels 5,6  -0.088 [-1.089, 0.912]  0.151 [-0.931, 1.232] 
Maternal education    
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No qualification Reference  Reference 
Secondary  0.235 [-0.478, 0.947]  0.318 [-0.430, 1.067] 
Tertiary  -0.355 [-1.244, 0.534]  -0.064 [-0.960, 0.831] 
Family type     
One parent Reference  Reference 
Two parent -2.660 [-3.992, -1.329]***  -3.797 [-5.493, -2.101]*** 
 
Note. *P<0.05; **P<0.01; ***P<0.001 
a The regression coefficients for duration of breast feeding and early growth are for the 




Table 3. Fitted regression model controlling the associations between duration of breast 
feeding, early growth and BMI (30,35 years) for covariate factors. 
 BMI at 30/35 years 
Measure B[95% CI]a 
Duration of breast feeding  -0.250 [-0.553, 0.054] 
Early growth, kg; 0-9 months  0.355 [0.039, 0.671]* 
Gestational age, weeks 0.036 [-0.192, 0.264] 
Birthweight, kg -0.734 [-1.550, 0.081] 
Birthlength, cm 0.125 [0.015, 0.235]* 
Female gender -0.914 [-1.596, -0.232]** 
Maori/Pacific ethnicity -0.500 [-1.658, 0.657] 
Maternal BMI at child’s birth 0.342 [0.237, 0.447]*** 
Paternal BMI at child’s birth 0.392 [0.280, 0.504]*** 
Family socioeconomic status   
Levels 1,2 Reference 
Levels 3,4  0.343 [-0.496, 1.181] 
Levels 5,6  0.101 [-0.980, 1.181] 
Maternal education   
No qualification Reference 
Secondary  0.381 [-0.370, 1.132] 
Tertiary  0.137 [-0.790, 1.063] 
Family type  
One parent Reference 
Two parent -3.690 [-5.387, -1.993]*** 
Note. *P<0.05; **P<0.01; ***P<0.001 
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a The regression coefficients for duration of breast feeding and early growth are for the 

























Figure 1. Flow diagram showing participation and sample retention of the Christchurch Health and 
Development Study cohort. 
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